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The chromosome number of 2n = 54 and the meiotic chromosome configuration of 2711 at diakinesis 
and metaphase I in Dendranthema vestitum (Hemsl.) Ling, an endemic species of China, are reported 
here for the first time. This species is similar to D. occidentali-japonense (Nakai) Kitam. 
(= Chrysanthemum japonense Nakai) of Japan with respect to chromosome number (2n = 54 = 6x) and 
morphology of flower-head, but the karyotypes of the two species are different from each other. On 
the other hand, D. vestitum is relatively similar to the diploid (2n =18 ) D. japonicum (Makino) Kitam. 
(= C. makinoi Matsum. et Nakai) of Japan with the common characters of the white-colored ligule 
of the flower-head, the simple-shaped leaf, morphology of the sat-chromosome, and presence of sub¬ 
terminal centromeric chromosomes. Since the chromosome complement of the hexaploid D. vestitum 
is almost equivalent to three times as that of the diploid D. japonicum, these two species might be 
closely related to each other. 


Dendranthema vestitum (Hemsl.) Ling (Fig. 1) 
is restricted to Henan, Hubei and Anhui Provinces, 
China (Shih and Fu 1983). This species is paid 
much attention to be studied in cytology because 
it has some resemblance to a Japanese diploid 
(2n= 18) species, D. japonicum (Makino) Kitam. 
(= Chrysanthemum makinoi Matsum. et Nakai), 


in having white ligules and simple-shaped leaves. 
It seems valuable to compare karyotypes between 
these two species when we detect and speculate 
evolutionary history of Dendranthema in East 
Asia. 

We reveal and report here the chromosome 
number of 2n = 54 (hexaploid) and the karyotype 
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Fig. 1. A chromosome voucher (2n = 54, Nakata 9302) of Dendranthema vestitum collected 
in Huanghuachang, near Yichang City, Hubei Province, China. 


of D. vestitum in comparisons with those of 
Japanese Dendranthema species. 

Materials and Methods 

During the second field survey in China in 1989 
for the Monbusho International Research 
Program-Joint Research, Nakata, Qiu and 
Uchiyama collected 30 living individual-plants of 


Dendranthema vestitum in two populations near 
Yichang City, Hubei Province; 18 plants in Jiang- 
jiawan, 10km northeast of Yichang, 230 m in 
altitude, and 12 plants in Huanghuachang, 20 km 
northeast of Yichang, 190 m in altitude. The 
former population was found on a roadside-slope 
along with an open pine forest associated with 
Quercus, Vitex, Artemisia, Senecio, Xanthium, 
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Kalimeris, Patrinia and so on. The latter popula¬ 
tion was seen on another roadside-slope with same 
but more sunny environment than the former one, 
with association of Senecio, Bidens, Miscanthus, 
Eupatorium and so on. Thirteen individual-plants 
of D. vestitum were introduced to Japan for the 
first time and cultivated in the experimental 
greenhouse of Hiroshima University for cytological 
studies. 

Freshly growing root tips (ca. 1 cm long) were 
obtained from the cultivated plants and pretreated 
in 8 mM 8-hydroxyquinoline at 20°C for 3 hr. 
They were fixed in Farmer’s fixative (3:1 mixture 
of ethanol and glacial acetic acid) at 5°C for 20 hr 
before they were macerated in 2:1 mixture of 45% 
acetic acid and 1 N HC1 at 60°C for 10 sec and 
stained with 1% aceto-orcein for 10 min. Then, 
the meristematic tissues (ca. 1 mm long) of the root 
tips were squashed with 1% aceto-orcein for 
chromosome observation. 

For karyotype study, the enzymatic maceration- 
flame drying method was also applied. Fixed root 
tips were transferred to deionized water through 
decreasing ethanol series (70, 50, 30, and 15%). 
Then, their meristematic tissues (ca. 1 mm long) 
were cut and placed onto slides and added one drop 
of enzyme mixture (4% cellulase “ONOZUKA” 
RS and 2% pectolyase Y-23, pH 4.8). The slides 
were incubated at 37°C for 40 min in a moistened 
petri dish. The root tips were rinsed with deionized 
water and re-fixed with Farmer’s fixative before 
flame-drying. The chromosomes were stained with 
1% aceto-orcein for 5 min, rinsed with tap water, 
and then air-dried. 

Young flower heads were fixed in modified 
Carnoy’s fixative (2:1:1 mixture of ethanol, 
chloroform and glacial acetic acid) and their 
anthers were squashed in 1 % aceto-orcein. Meiotic 
chromosomes were observed at diakinesis and 
metaphase I in pollen mother cells (PMC’s). 


Measurements of chromosome lengths were 
made on photographs magnified x3,000 by a 
digitizer-personal computer system (Uchiyama et 
al. 1988). Nomenclature for centromeric positions 
of the chromosomes followed Levan et al. (1964). 

The voucher specimens were deposited in the 
herbarium, Institute of Botany, Academia Sinica 
(PE). 

Results and Discussion 

Dendranthema vestitum showed morphological 
variation: the individual plants of the Jiangjiawan 
population displayed that flower heads varied from 
27 to 47 mm in diameter. They also exhibited 
variations of lengths (7.5-17.5 mm), widths 
(3.5-5.5 mm) and number (13-21) of ligulate 
flowers, and of shapes (elliptic, oblong-ovate, 
ovate or rhombate) and bases (acute, obtuse, 
attenuate or truncate) of leaves. 

At mitotic metaphase, 2n = 54 chromosomes 
(Fig. 2A) were observed in the 18 individuals of 
D. vestitum collected in the two populations 
(Accession numbers: Nakata 9261, 9265, 9268, 
9269, 9270, 9271, 9272, 9273, 9278, 9279, 9280 and 
9281 from the Jiangjiawan population; and 9291, 
9297 , 9298 , 9299, 9300 and 9302 from the 
Huanghuachang population). At diakinesis (Fig. 
2B) and meiotic metaphase I, 2n = 27II chromo¬ 
somes were also observed. Thus, the above is the 
first report of the chromosome number of D. 
vestitum. Since the basic chromosome number of 
Chrysanthemum sensu lato is x = 9 (Shimotomai 
1933), D. vestitum is a hexaploid (2n = 54 = 6x) 
species. 

Figure 2C shows a set of the individual chromo¬ 
somes of D. vestitum arranged in decreasing order 
of the length. Thus, the 2n = 54 chromosomes 
varies gradually in length from 6.9 to 4.3 pm. Six 
medium- to small-sized subterminal centromeric 
(st) chromosomes (Fig. 2C) were easily identified 
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Fig. 2. Chromosomes of Dendranthema vestitum. A. Mitotic metaphase chromosomes in 
root tip cells of a plant from the Jiangjiawan population (Nakata 9278). B. Meiotic 
chromosomes at diakinesis (2n = 27II = 54) in PMC’s of a plant (Nakata 9265) from the 
Jiangjiawan population. C. Individual chromosomes of a plant (Nakata 9265) prepared by 
enzymatic maceration-flame drying method. Asterisks show subterminal chromosomes. Stars 
show submedian chromosomes with a minute satellite. All bars indicate 5 /urn. 


from the others. Satellites often occurred on the 
short arms of the “st” chromosomes and/or small¬ 
sized submedian centromeric chromosomes (Fig. 
2C). 

With respect to flower head with white-colored 
ligules and the chromosome number of 2n= 54, D. 
vestitum of China and D. occidentali-japonense 
(Nakai) Kitam. ( = Chrysanthemum japonense 
Nakai) of Japan are closely related to each other. 
However, their leaf shapes are quite different from 
each other; the leaf of the former species is not 
lobed, while that of the latter species is cleft or 
parted. Moreover, the karyotypes of the two 
species are different from each other; Watanabe 


(1981) described that the karyotype of D. 
occidentali-japonense (as C. japonense) had eight 
or ten subterminal centromeric chromosomes and 
four median centromeric chromosomes with 
minute satellites. 

Dendranthema vestitum is morphologically 
similar to D. japonicum, a diploid (2n= 18) species 
of Japan, but their chromosome numbers are quite 
different from each other. According to Tanaka 
(1959) and Nakata (unpublished data), D. 
japonicum has two pairs of diagnostic chromo¬ 
somes often exhibiting satellites; a pair of 
subterminal centromeric chromosomes (medium to 
small in size) and a pair of submedian to sub- 
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terminal centromeric chromosomes (small in size). 
Thus, D. vestitum and D. japonicum have the 
common feature in karyotype. Tripling of the 
diploid chromosome complement of D. japonicum 
might simulate the hexaploid karyotype of D. 
vestitum. Dendranthema vestitum seems to be 
karyomorphologically a close species to D. 
japonicum concerning a polyploid relation. 

Dendranthema japonicum is distributed in the 
southwestern part of Japan except for Kyushu and 
the westernmost-part of Honshu (Nakata and 
Tanaka 1989). In contrast, D. vestitum grows on 
foothills or low mountains (340-1,500m in 
altitude) in Henan, Hubei and Anhui Provinces in 
China (Shih and Fu 1983). The distribution of D. 
vestitum seems to correspond to the transitional 
subtropics from the warm-temperate regions (Hou 
1983), while that of D. japonicum correspond to 
the climatic regions of warm temperate to sub¬ 
tropics in Japan. The similarity of these distribu¬ 
tions may also be correlated with their phylogenetic 
relationship. 

We wish to express our gratitude to Mr. Yang 
Wang, Mr. Gui-fu Wang and Mr. Yan Chen, 
Institute of Botany, Academia Sinica, Beijing, for 
their help in the field work and cultivating 
materials. We are indebted to Prof. Katsuhiko 
Kondo, Hiroshima University, for critical reading 
of the manuscript. 

Endnote 

1) A new series attached to the previous series 
entitled “Cytogenetic studies on wild Chrysanthe¬ 
mum from China (I-V)” (Tanaka and Taniguchi 
1987, Taniguchi and Tanaka 1987, Tanaka et al. 
1987a, 1987b, 1990), since we follow here Shih and 
Fu’s taxonomic treatment (1983) for the Chinese 
genera Dendranthema, Ajania, Tanacetum and 
Leucanthemella and Kitamura’s new treatment 


(1978, 1981) for the Japanese genera Dend¬ 
ranthema, Tanacetum, Leucanthemella and 
Nipponanthemum, all segregated from Chrysan¬ 
themum sensu lato for convenience. The referable 
names under Chrysanthemum sensu lato used in 
our previous series (cf. Nakata et al. 1987) are also 
given in parentheses here. 

This study was financially supported by Grant- 
in-Aid for the Monbusho International Research 
Program-Joint Research, No. 01044099 for 
1989-1991 (the representative; Ryuso Tanaka) of 
the Ministry of Education, Science and Culture of 
Japan. 
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